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FLANGED BUSHES AND METHODS 
FOR THE MANUFACTURE TEDBREOF 



CROSS-REFERENCE TO RELATED APPLICATION(S) 

This patent application claims the benefit of UK Patent Application No. 0104656.4, 
entitled 'TLANGED BUSHES", filed February 24, 2001 . 



5 FIELD OF THE INVENTION 

The present invention relates generally to flanged bnshes and methods for the 
manufacture thereof. More specifically, the present invention relates to substantially 
cylindrical flanged bushes having both out-turned and in-tumed radial flanges and methods 
for the manufacture thereof 

10 

BACKGROUND OF THE INVENTION 

A flanged bush, also referred to as a "flanged bearing", a "flanged bearing bush", a 
"cylindrical bearing bush", and a "lining bush", is typically used to support a shaft or other 
structure and is disposed, for example, in an opening of a housing or other structure. The 

15 flanged bush is typically substantially cylindrical, and has an exterior portion that is made of 
a material that is capable of witiistanding predetermined loads, such as steel, aid an interior 
portion that is made of a bearing material, such as a polymer or another metal. The 
cylindrical body is operable for supporting a predetermined transverse load and the radial 
flange is operable for supporting a predetermined axial load. Most conventional flanged 

20 bushes include an out-turned radial flange, however, an in-tumed radial flange may also be 
utilized, depending upon the desired application. 

Depending upon the desired application, it may also be preferable to maximize the 
dimensions of the radial flange. This is tme, for example, in internal combustion engine 
(ICE) pulley damper applications. For a given axial load, increasing the dimensions of the 

25 radial flange increases the surface area of the radial flange in contact with the housing or 
other stmcture and decreases the surface pressure exerted on the radial flange material, 
thereby increasing the life of the flanged bush. Conventional flanged bush designs and the 
methods for the manufacture thereof typically limit the dimensions and contact surfece area 
of the flanged bush. 

30 Conventional methods for the manufacture of flanged bushes suffer other limitations 

as well. For example, one conventional method for the manufacture of a flanged bush 



1 



wo 02/070908 



PCTAJS02/05696 



includes welding a wai^her onto a rolled bush, forming the radial flange. This method, 
however, inefficiently utilizes the radial flange material and results in undesirable waste. 
Likewise, another conventional method for the manufacture of a flanged bush having an in- 
tumed radial flange typically results in the wrinkling of the contact surface of the radial 
S flange. 

Thus, what is needed are flanged bushes and methods for the manufacture thereof that 
iacoiporate wrinkle-firee radial flanges of varying dimensions and contact surface areas, 
, efficiently utilize radial flange material, and result in minimal waste. 

10 BRIEF SUMMARY OF THE INVENTION 

Advantageously, embodiments of the present invention provide flanged bushes and 

methods for the manufacture thereof that incoiporate wrinkle-fiee radial flanges of varying 

dimensions and contact surface areas, efficienfly utilize mdial flange material, and result in 

minimal waste. 
« 

15 In one embodiment of the present invention, a flanged bush includes a substantially 

cylindrical body portion, a radial flange portion integrally formed with the substantially 
cylindrical body portion, and an undercut region disposed within a surface of the substantially 
cylindrical body portion and the radial flange portion, wherein the undercut region is operable 
for lelieving stresses present in the surface of the substantially cylindrical body portion and 

20 the radial flange portion. 

In another embodiment of the present invention, a method for the manufacture of a 
flanged bush includes providing a substantially cylindrical body portion, undercutting a 
region disposed within a surface of the substantially cylindrical body portion, and bending an 
end portion of the substantially cylindrical body portion to form a radial flange portion, 

25 wherein the resulting bend is coincident with the undercut region, thereby relieving stresses 
present in the surface of the substantially cylindrical body portion and the radial flange 
portion. 

In a further embodiment of the present invention, a flanged bush includes a 
substantially cylindrical body portion and a pair of substantially semi-circular members 
30 fixedly attached to the substantially cylindrical body portion, wherein the pair of substantially 
semi-citcular members fomi a ladial flange portion of the flanged bush. 

In a further embodiment of the present invention, a method for the manufacture of a 
flanged bush includes providing a substantially cylindrical body portion, providing a plurality 
of substantially semi-circular members, and fixedly attaching the plurality of substantially 
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semi-ciicular mranbers t6' the substantially cylindrical body portion, wherein the pluiality of 

m 

substantially semi-circular member^ fonn a radial flange portion of the flanged bush. 

In a further embodiment of the present invention, a method for the manufacture of a 
flanged bush includes providing a substantially cylindrical structure, wherein the 
5 substantially cylindrical structure comprises an end portion, bending the end portion of the 
substantially cylindrical structure about 45 degrees, and bending the end portion of the 
substantially cylindrical structure about 90 degrees, wherein the bent end portion of the 
substantially cylindrical structure forms a radial flange portion of the flanged bush. 
Optionally, tiie method also includes bending the end portion of tiie substantially cylindrical 

10 structure past about 90 degrees and allowing the end portion of the substantially cylindrical 
structure to return to about 90 degrees, wherein the h&at end portion of the substantially 
cylindrical structure forms a radial flange portion of the flanged bush. 

In a fiirther embodiment of the present invention, a mefliod for the manufacture of a 
flanged bush includes providing a flat strip of bearing material, bending an edge of the flat 

15 strip of bearing material about 90 degrees, and rolling the flat strip of bearing material into a 
substantially cylindrical structure such that the bent edge forms a radial flange portion. 
Optionally, the method also includes incorporating a groove into a surface of the flat strip of 
bearing material, the groove coincident with a bending region of the edge of the flat strip of 
bearing material, cutting a plurality of segmented portions into the edge of the flat strip of 

20 bearing material, and welding edges of adjacent segmented portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional side view of a conventional flanged bush that includes 

eitiier an out-turned or an in-tumed radial flange; 
25 Figure 2 is a cross-sectional side view of one embodiment of a flanged bush of the 

present invention that includes an undercut region positioned in either an exterior portion or 

an interior portion of a substantially cylindrical structure; 

Figure 3 is a perspective view of another embodiment of a flanged bush of the present 

invention that includes a plurality of substantially semi-circular members fixedly attached or 
30 welded to the substantially cylindrical structure, forming either an out-turned or an in-tumed 

radial flange; 

Figure 4 is a schematic diagram of one einbodiment of a method for forming a 
flanged bush of the present invention that includes stamping a plurality of substantially semi- 
circular members firom a sheet of suitable radial flange-forming material; 
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Figure 5* is a schematic diagram of one embodiment of a two-step process for forming 
an in^tumed radial flange on an in-turned flanged bush of the present invention; 

Figure 6 is a schematic diagram of one embodiment of a three-step process for 
forming an in-turned radial flange on an in-tumed flanged bush of the present invention; 
5 Figure 7 is cross-sectional side view of one embodiment of an in-tumed flanged bush 

of the present invention that incorporates a groove into an inner radius region of an in-tumed 
radial flange; 

Figure 8 is a schematic diagram of one embodiment of a process for forming an in- 
tumed flanged bush of the present invention that incorporates a strip of material suitable for 
10 forming the in-tumed flanged bush having a segmented edge that includes a plurality of 
segmented portions; and 

Figure 9 is a schematic diagram of one embodiment of a process for forming an in- 
tumed flanged bush of the present invention that includes providing a flat strip of bearing 
material, bending an edge of the strip of bearing material, and rolling the stnp of bearing 
15 material into a substantially cylindrical flanged bush such that the bent edge forms an in- 
tumed radial flange. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 1, a conventional flanged bush 10 includes a backing 12 and an 

20 overlay or lining 14. The backing 12 may be made of, for example, steel, brass, or bronze, 
and the overlay 14 may be made of, for example, a polymer, aluminum, or another metaL 
The polymer may be infiltrated into a porous metal matrix, the porous metal matrix being 
earned on a steel backing 12. The porous metal matrix may be sintered to or sprayed on the 
steel backing 12. The backing 12 and the overlay 14 form a substantially cylindrical stmcture 

25 having an exterior portion and an interior portion. The flanged bush 10 is used to support a 
shaft or oflier structure (not shown) and is disposed, for example, in an opening of a housing 
or other stmcture (not shown). The flanged bush 10 also includes a substantially disc-shaped 
radial flange 1 6 that extends either radially-outward or radially-inward from the substantially 
cylindrical stmcture. The exterior portion of the substantially cylindrical stmcture is capable 

30 of withstanding predetermined loads. Specifically, the substantially cylindrical stmcture is 
operable for supporting a predetermined transverse load and the radial flange 16 is operable 
for supporting a predetermined axial load. The mdial flange 16 includes a first contact 
surface area 18 (which may be positioned on either side of the radial flange 16) that contacts 
the housing or other stmcture. 
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Refeiring to Figczre 2, jn one embodiment of flie present invention, a flanged bush 20 
includes an undercut region 22 positioned in either the e>cterior portion or the interior portion 
of the substantially cylindrical structure. Preferably, this undercut region 22 is positioned in 
the portion having the polymer overlay 14. The undercut region 22 decreases stresses in the 
5 polymer overlay 14 and, optionally, the surface of die steel backing 12, and provides a 
transition zone between the substantially cylindrical structure and the radial flange 16. 
Functionally, the undercut region 22 provides a second contact sur&ce arca 24 that is greater 
than the &st contact surface area 18 (Figure 1). Advantageously, this increase in contact 
surface area decreases the surface pressure exerted on the radial flange material when it is 

10 contacted with the housing or other structure, fliereby increasing the life of the flanged bush 
20. In effect, the undercut region 22 creates separate and independent substantially 
cylindrical structure and radial flange contact surfaces 26 and 28. The undercut region 22 
may have a substantially trapezoidal, rectangular, or other cross-sectional shape. For 
example, the undercut region 22 may have a trapezoidal cross-sectional shape with sides that 

15 are about 30 degrees from vertical. 

Referring to Figure 3, in another embodiment of the present invention, a flanged bush 
30 includes a plurality of substantially semi-circular members 32 (two (2) substantially semi- 
circular members 32 are shown). These substantially semi-circular members 32 may be made 
of steel or another metal and are fixedly attached or welded to the substantially cylindrical 

20 structure 34, forming either an out-turned or an in-turned radial flange (an in-turned radial 
flange 36 is shown). 

Referring to Figure 4, in a further embodiment of the present invention, the plurality 
of substantially semi-circular members 32 are stamped from a sheet of suitable radial flange- 
forming material 38, such as steel or another metal. The plurality of substantially semi- 

25 circular members 32 may be, for example, half-washers. The plurality of substantially semi- 
circular members 32 are fixedly attached to the substantially cylindrical structure 34 via, for 
example, laser or electron beam welding. As is apparent to those of ordinary skill in the art, 
the use of the plurality of substantially semi-circular members 32, as opposed to a complete 
annulus, to form the radial flange 36 provides more efficient use of the sheet of suitible radial 

30 flange-forming material 38 and results in less waste. Advantageously, there is, in principle, 
no limit to the dimensions of the radial flange 36 that may be formed via this method. 

Referring agam to Figure 3, the substantially cylindrical structure 34 may be a 
wrapped-split bush that has an axially-aligned split 40. Optionally, the axially-aligned split 
40 may coincide with a gap 42 formed between the plurality of substantially semi-circular 
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members 32, &ciliiating compliance of the wrapped-split bush when being disposed in a 
housing or other structure. 

Referring to Figure S, in a further embodiment of the present invention, an in-turned 
flanged bush 48 is formed by bending an end portion of a substantially cylindrical structure 
44 inward to form an in-tumed radial flange 46. Preferably, this bending process is carried 
out in a plurality of steps. First, llie end portion of the substantially cylindrical structure 44 is 
bent inward about 45 degrees. Second, the end portion of the substantially cylindrical 
structure 44 is bent inward about 90 degrees. Advantageously, this bending process requires 
no welding to form the in-turned radial flange 46. 

Referring to Figure 6, in a fiirther embodiment of tiie present invention, the in-tumed 
flanged bush 48 is also formed by bending the end portion of the substantially cylindrical 
structure 44 inward to form the inhumed radial flange 46. Again, this bending process is 
carried out in a plurality of steps. First, the end portion of the substantially cylindrical 
structure 44 is bent inward about 45 degrees. Second, the end portion of the substantially 
cylindrical stmcture 44 is bent inward greater than about 90 degrees. Third, the in-tumed 
radial flange 46 is allowed to return to about 90 degrees upon removal of the bending tool, 
via flie elastic properties of the material of the substantially cylindrical structure 44 and the 
in-tumed radial flange 46. Again, this bending process requires no welding to form the in- 
tumed radial flange 46. 

Advantageously, the processes described above are particularly suited to forming an 
in-tumed radial flange on an in-tumed flanged bush having a relatively large outer diameter. 
The greater the outer diameter of the inhumed flanged bush, the easier it is to form the in- 
tumed radial flange without wrinkling. For example, a 1 mm thick in-tumed flanged bush 
with an outer diameter of about 105 nun and a in-tumed radial flange diameter of about 90 
mm was formed by the processes described above without wrinkling. 

Referring to Figure 7, in a further embodiment of the present invention, a groove 50 
may be incorporated into an inner radius region of flie in-tumed radial flange 46. This is 
most preferable when an in-tumed radial flange 46 is formed on a substantially cylindrical 
stmcture 44 that is relatively thick. For example, a groove 50 may be utilized with a 
substantially cylindrical stmcture 44 that has a thickness of greater than about 2 nun. 
Advantageously, the groove 50 removes material fix)m the inner radius region of the in-tumed 
radial flange 46, facilitating bendmg and decreasing wrinkling. 

As described above, the substantially cylindrical stmcture 44 and the in-tumed radial 
flange 46 may include a steel backing 12 and a polymer overlay 14. The groove 50 may be 
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incorporated into the polymer overlay 14 and, optionally, the steel backing 12. Preferably, 
the groove SO has a substantially trapezoidal shape, however, other suitable shapes may be 
utilized. 

Referring to Figure 8, in a further embodiment of the present invention, a strip of 
S material suitable for forming an in-turned flanged bush 52 has a segmented edge that includes 
a plurality of segmented portions 54. The strip of material suitable for forming the in-tumed 
flanged bush 52 is cut into appropriately sized blanks that are rolled or wrapped into an in- 
tumed flanged bush 58 utilizing, for example, a conventional process. The segmented end of 
tiie in-tumed flanged bush 58 is then formed into an in-tumed radial flange 56 utilizing the 

10 processes described above. The plurality of segmented portions 54 provide reduced 
wrinkling of the surface of the in-tumed radial flange 56. Optionally, the edges of adjacent 
segmented portions 54 may be welded using, for example, laser or electron beam \^lding, 
providing increased stifGiess of the in-tumed radial flange 56. The shape, angle, and number 
of segmented portions may be selected based upon the outer diameter of the in-tumed flanged 

1 5 bush 58 and the like. 

Referring to Figure 9, in a further embodiment of the present invention, a process for 
manufacturing an in-tumed flanged bush includes providing a flat strip of bearing material 
60, bending an edge 62 of the strip of bearing material through about 90 degrees, and rolling 
the strip of bearing material into a substantially cylindrical flanged b\ish such that the bent 

20 edjge 62 forms an in-tumed radial flange. Preferably, the strip of bearing material is a blank 
that has been cropped from a continuous strip or sheet of bearing material. Optionally, the 
strip of bearing material 60 may be provided with a groove in the region that will form the 
inner radius of the in-tumed radial flange, as described above. Optionally, the strip of 
bearing material may also be provided with a plurality of cuts along the edge 62, either before 

25 or after bending, minimizing wrinkling in the sur&ce of the in-tumed radial flange during the 
flanging process, as described above. 

The in-tumed radial flange is formed by advancing the strip of bearing material 60 
through a pair of oppositely-rotating rollers 64 and 66. One of the rollers 64 may have a 
larger diameter than the other first 66. Advantageously, this process does not require any 

30 welding. 

Although the flanged bushes of the present invention, and the methods for the 
manufacture thereof, have been described and illustrated with reference to preferred 
embodiments and examples thereof, other embodiments and examples may be used. For 
example, the flanged bushes formed may be wrapped bushes, rolled bushes, or deq)-drawn 
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bushes. Likewise, the 'flanged bushes may have out-tumed or in-tumed radial flanges. 
Additionally, the flanged bushes may have a polymer overlay on &e inner or outer diameter 
surface. The following claims are intended to cover all such equivalents. 
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CLAIMS 

What is claimed is: 

1 . A flanged bush, comprising: 

5 a substantially cylindrical body portion; 

a radial flange portion integrally formed with the substantially cylindrical body 
portion; and 

an undercut region disposed within a sur&ce of fiie substantially cylindrical body 
portion and the radial flange portion, wherein the undercut region is operable for relieving 
10 stresses present in &e surface of the substantially cylindrical body portion and the radial 
flange portion. 

2. The flanged bush of claim 1, wherein the radial flange portion extends radially- 
outward from the substantially cylindrical body portion. 

15 

3. The flanged bush of claim 1 , wherein the radial flange portion extends radially-inward 
from the substantially cylindrical body portion. 

4. The flanged bush of claim 1, wherein the undercut region is disposed within a sur&ce 
20 of a transition region between the substantially cylindrical body portion and the radial flange 

portion. 

5. The flanged bush of claim 1, wherein the undercut region comprises a substantially 
trapezoidal shape. 

25 

6. The flanged bush of claim 1, wherein the substantially cylindrical body portion and 
the radial flange portion comprise a relatively strong backing layer and a bearing 
overlay/lining layer. 

30 7. A method for the manufacture of a flanged bush, comprising: 

providing a substantially cylindrical body portion; 

undercutting a region disposed within a surface of the substantially cylindrical body 
portion; and 
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bending an end portion of the substantially cylindrical body portion to form a radial 
flange portion, wherein the resulting bend is coincident with the undercut region, thereby 
relieving stresses present in the surface of the substantially cylindrical body portion and the 
radial flange portion. 

5 

8. The method of claim 7, wherein bending the end portion of the substantially 
cylindrical body portion to form a radial flange portion comprises bending the end portion of 
the substantially cylindrical body portion radially-outward to form an out-turned radial flange 
portion 

10 

9. The method of claim 7, wherein bending the end portion of the substantially 
cylindrical body portion to form a radial flange portion comprises bending the end portion of 
the substantially cylindrical body portion radially^inward to form an in-tumed radial flange 
portion 

15 

10. The method of claim 7, wherein the undercut region comprises a substantially 
trapezoidal shape. 

11. A flanged bush, comprising: 

20 a substantially cylindrical body portion; and 

a pair of substantially semi-circular members fixedly attached to the substantially 
cylindrical body portion, wherein the pair of substantially semi-circular members form a 
radial flange portion of the flanged bush. 

25 12. The flanged bush of claim II, wherein the radial flange portion extends radially- 
outward from the substantially cylindrical body portion. 

13. The flanged bush of claim 11, wherein the radial flange portion extends radially- 
inward from the substantially cylindrical body portion. 

30 

14. The flanged bush of claim 11, wherein the substantially cylindrical body portion 
comprises an axially-aligned split. 
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IS. The flanged hash of claim 14, wheiein ibe axiaUy-aligned split is coincident with a 
gap fonned between the pair of substantially semi-circular members, &cilitating conq)liance 
of the flanged bush when disposed in a housing. 

5 16. The flanged bush of claim 1 1 , wherein the substantially cylindrical body portion and 
the radial flange portion comprise a relatively strong backing layer and a bearing 
overlay/lining layer. 

17. A melliod for the manufacture of a flanged bush, comprising; 
10 providing a substantially cyUndrical body portion; 

providing a plurality of substantially semi-circular members; and 

fixedly attaching the plurality of substantially semi-circular members to the 

substantially cylindrical body portion, wherem the plurality of substantially semi-circular 

members form a radial flange portion of the flanged bush. 

15 

18. The method of claim 17, wherein the radial flange portion extends radially-outward 
from the substantially cylindrical body portion. 

19. The raiethod of claim 17, wherein the radial flange portion extends radially-inward 
20 from the substantially cylindrical body portion. 

20. The method of claim 17, wherein the substantially cylindrical body portion comprises 
an axiaUy-aligned split. 

25 21. The method of claim 20, fiirther comprising making the axiaUy-aligned split 
coincident with a gap formed between the plurality of substantially semi-circular members, 
facilitating compliance of the flanged bush when disposed in a houang. 

22. The method of claim 17, wherein fixedly attaching the plurality of substantiaUy semi- 
30 circular members to the substantiaUy cylindrical body portion comprises welding the plurality 

of substantially semi-circular members to the substantially cylindrical body portion. 

23. A method for the manufacture of a flanged bush, comprising; 
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providing a substantially cylindrical structuie, wherein the substantially cylindrical 
structure comprises an end portion; 

bending the end portion of the substantially cylindrical structure about 45 degrees; 

and 

5 bending the end portion of the substantially cylindrical structure about 90 degrees, 

wherein the bent end portion of the substantially cylindrical structure forms a radial flange 
portion of the flanged bush. 

24. The method of claim 23, further comprising bendiug the end portion of the 
10 substantially cylindrical stmcture past about 90 degrees and allowing the end portion of tiie 

substantially cylindrical structure to return to about 90 degrees, wherein the bent end portion 
of the substantially cylindrical stmcture forms a radial flange portion of the flanged bush. 

25. The method of claim 23, wherein flie radial flange portion extends radially-outward 
1 5 from the substantially cylindrical stmcture. 

26. The method of claim 23, wherein the radial flange portion extends radially-inward 
from the substantially cylindrical stmcture. 

20 27. The method of claim 23, further comprising incorporating a groove into a surface of 
the substantially cylindrical stmcture, the groove coincident with a bending region of the end 
portion of the substantially cylindrical stmcture. 

28. The method of claim 27, wherein the groove comprises a substantially trapezoidal 
25 shape. 

29. The method of claim 23, further comprising cutting a plurality of segmented portions 
into the end portion of the substantially cylindrical structure. 

30 30, The method of claim 29, further comprising welding edges of adjacent segmented 
portions. 

31. A method for the manufacture of a flanged bush, comprising: 
providing a flat strip of bearing material; 
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bending an edge of fhe flat strip of bearing material about 90 degrees; and 
rolling tiiie flat strip of bearing material into a substantially cylindrical structure such 
that the bent edge forms a radial flange portion. 

32. The method of claim 31, wherein the radial flange portion extends radiaUy-outward 
from the substantially cylindrical structure. 

33. The method of claim 31, wherein the radial flange portion extends radially-inward 
fiom the substantially cylindrical structure. 

34. The method of claim 31, further comprising incorporating a groove into a surface of 
the flat strip of bearing material, the groove coincident with a bending region of the edge of 
the flat strip of bearing material. 

35. The method of claim 34, wherein the groove comprises a substantially trapezoidal 
shape. 

36. The method of claim 31, further comprising cutting a plurality of segmented portions 
into the edge of the flat strip of bearing material. 

37. The method of claim 36, further comprising welding edges of adjacent segmented 
portions. 
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